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ゎᯒࡋࡓ࿘Ἴᩘᖏᇦࡣࠊࢩ࣮ࢱ 1ᖏᇦ(4−5 Hz)ࠊࢩ࣮ࢱ 2ᖏᇦ(6−7 Hz)ࠊ࢔ࣝࣇ࢓ 1ᖏ





















ᖖἼࡢᣢ⥆᫬㛫ࡀ 2⛊௨ୖ 3⛊ᮍ‶ࡢ⬻Ἴࢆ Short Run࡜ࡋࠊ࡚ࢇ࠿ࢇᛶ␗ᖖἼࡢᣢ⥆
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ฟ⌧୰ 10 ⛊㛫(F’ࠊG’ࠊH’ࠊI’ࠊJ’)ࠊ␗ᖖἼ⤊஢ᚋ 10 ⛊㛫(K’ࠊL’ࠊM’ࠊN’ࠊO’)ࡢィ
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Feature extraction of epileptiform discharges on 
electroencephalography using a wavelet-crosscorrelation analysis  
Kozue Yamaguchi 
  
Electroencephalography (EEG) activity is a nonlinear/nonstationary process, during which 
statistical features change with time. Aiming to quantify the nonlinear/nonstationary changes, 
EEG studies have used various analysis methods and elucidated the pathological mechanisms 
underlying brain disease and various mental disorders. Epilepsy is a disorder that is 
characterized by the appearance of epileptiform discharges in EEG. Although studies on 
epilepsy have been conducted, the mechanism of how epileptiform discharges appear on EEG 
remains unclear.  Epileptiform discharges appear not only at the burst, but also interictal. In 
addition, epileptic abnormal waves can appear in a single burst or last for several seconds, with 
a difference in duration. If the duration of the epileptiform discharge becomes long, epileptic 
seizures may occur. If it continues further, it may result in a status epilepticus, causing a 
comatose state. Therefore, by predicting the appearance of epileptiform discharges, it is 
considered helpful for quantitative evaluation of epilepsy diagnosis. 
This doctoral dissertation presents the study that aimed to quantitatively examine EEG 
before, during the epileptiform discharges, and after the epileptiform discharges by using a 
signal processing method, and clarifying the mechanism of the epileptiform discharges. 
Chapter 1 presents the background and objectives of the study and the preceding study. 
Chapter 2 presents the study that examines the features of interregional relationships in the 
brain during the epileptiform discharges in detail in patients with mental disorders. 
Wavelet−crosscorrelation coefficients (WCC) were obtained by a quantitative method called 
wavelet−crosscorrelation analysis. The subjects included nine patients with mental disorders 
that were considered to be caused by epileptiform discharges. The EEG that were analyzered in 
the study included those for a period of four seconds prior to the epileptiform discharges, those 
for a period of two seconds during the epileptiform discharges, and those for a period of four 
seconds after the end of epileptiform discharges. They were divided into five segments, each 
with a two-second period: a period from 4−2 seconds prior to the appearance of epileptiform 
discharges (A), a period from 2−0 seconds prior to the appearance (B), a period of two seconds 
during the appearance (C), a period from 0−2 seconds after the end of the epileptiform 
discharges (D), and a period from 2−4 seconds after the end (E). The EEG were analyzed in four 
frequency bands: theta 1 (4−5 Hz), theta 2 (6−7 Hz), alpha 1 (8−10 Hz), and alpha 2 (11−3 Hz). 
The mean WCC values between all electrodes were compared between segments in all subjects. 
In addition, to obtain the changes over time in each frequency band, WCC values in five regions 
(lateral sagittal, medial sagittal, midsagittal, lateral coronal, and medial coronal directions) were 
 
 
extracted and interregional relationships were plotted on a map. To compare between segments, 
one−way analysis of variance was used, and for multiple comparison, bonferroni corrections 
were employed. A comparison of WCC values between all electrodes in all subjects showed 
high interregional relationships during the appearance of epileptiform discharges (C) in the theta 
1 and 2 bands, which suggest an abnormal intercellular relationship during the appearance of 
epileptiform discharges. In addition, analysis by region showed that in the theta 1 and 2 bands, 
the relationship was already high between the front and occipital regions, as well as between the 
temporal and parietal regions, immediately (a period of 0−2 seconds) prior to the appearance of 
epileptiform discharges. This finding was considered to be related to the fact that epileptiform 
discharges appear following a situation that is similar to epileptiform discharges, which may be 
an indication prior to the appearance of epileptiform discharges. The results suggest that in the 
theta band, the increase in the interregional relationship of WCC that show no abnormalities 
allows one to predict a possible appearance of epileptiform discharges within two seconds. 
Chapter 3 presents a study, where, to extract characteristic patterns in different durations of 
epileptiform discharges, interregional relationships and information propagation in the brain 
were examined by wavelet−crosscorrelation analysis. In addiction, changes in EEGs over time 
during, before, and after the appearance of epileptiform discharges were quantitatively analyzed. 
The subjects included 12 patients with epilepsy, in whom epileptiform discharges were observed 
by visual inspection. Three sections (prior to and during the appearance of epileptiform 
discharges and after the end of epileptiform discharges) were considered to be one epoch, and in 
this study, EEGs were classified into two types, according to the duration of epileptiform 
discharges: short run (2 seconds ≤ duration <3 seconds) and long run (duration ≥3 seconds). 
Each duration was divided into two-second segments, and each two-second segment was 
analyzed. The short runs included 11 segments and a 22-second total period: a period of 10 
seconds prior to the appearance of epileptiform discharges (A, B, C, D, and E), a period of two 
seconds during the epileptiform discharges (F), and a period of 10 seconds after epileptiform 
discharges (G, H, I, J, and K). The long run included 15 segments for a total period of 
30-seconds: a period of 10 seconds prior to the appearance of epileptiform discharges (A’, B’, 
C’, D’, and E’), a period of 10 seconds during the epileptiform discharges (F’, G’, H’, I’, and J’), 
and a period of 10 seconds after epileptiform discharges (K’, L’, M’, N’, and O’). The mean 
values were calculated for 10 frequencies every 1 Hz, ranging from 4−13 Hz. The mean WCC 
values for all 19 electrode combinations and mean time−lag (LAG) values were calculated for 
each band, and the mean WCC values between all electrodes in all subjects were compared 
between segments for each short run and long run. In addition, to obtain characteristic patterns 
of the durations of epileptiform discharges, the mean WCC values and mean LAG values of the 
electrode combinations in the frontal region (F3 or F4), parietal region (P3 or P4), temporal 
 
 
region (T3 or T4), or occipital region (O1 or O2), with all other electrodes were extracted. The 
extracted WCC values were compared between segments, and the mean WCC and LAG values 
were plotted on a map. A comparison of the mean WCC values between all electrodes in all 
subjects showed a higher relationship at the onset of the appearance of epileptiform discharges 
compared to before the epileptiform discharges and after the end of epileptiform discharges in 
both short run and long run groups. This result may indicate that regardless of the difference in 
the duration of epileptiform discharges, an unusual intercellular abnormal relationship is formed 
at the onset of epileptiform discharges. An analysis by electrode position showed that in the 
short run, an abnormal interregional relationship and information propagation were formed after 
a period of 0−2 seconds prior to the appearance of epileptiform discharges in the temporal and 
occipital regions, although the EEG appears normal by visual inspection. This result indicates 
that a phenomenon similar to epileptiform discharges has already occurred immediately before 
the appearance of epileptiform discharges. A similar state was not observed after the end of 
epileptiform discharges. In the long run, during a period of 2−4 seconds after the appearance of 
epileptiform discharges, and 2−4 seconds after the end of epileptiform discharges, an 
interregional relationship and information propagation could be seen similar to those observed 
during the appearance of epileptiform discharges in the temporal region. The state that was 
similar to epileptiform discharges was considered to occur before the appearance of an 
epileptiform discharges as well as after the end of epileptiform discharges. Therefore, in the case 
where the epileptiform discharges did not end within two seconds, the state was considered to 
be in preparation for the potential occurrence of epileptiform discharges. Taken together, 
obtaining the relationships of EEG frequency components and information propagation using 
wavelet−crosscorrelation analysis allowed the extraction and visualization of small changes in 
brain activity that had not been detectable by visual inspection. Furthermore, this technique 
allows the identification of a state that occurs in preparation for the potential occurrence of 
epileptiform discharges.  
Lastly, Chapter 4 presents a summary of this dissertation, in which the major findings that 
were stated in Chapters 2 and 3 are summarized.  
From our series of studies, the features of EEG activity before, during, and after the 
appearance of epileptiform discharges were measured. In particular, the interregional 
relationships that were calculated using wavelet−crosscorrelation analysis and the occurrence of 
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ࡢ௚࡟ࠊ⬻Ἴ (electroencephalography: EEG)ࠊࢥࣥࣆ࣮ࣗࢱ᩿ᒙ᧜ᙳ (computerized 



















࡚ࢇ࠿ࢇ(epilepsy)ࡣࠊ1973ᖺ࡟ୡ⏺ಖ೺ᶵᵓ(world health organization: WHO)࡟ࠕ✀ࠎ
ࡢ⑓ᅉ࡟ࡼࡗ࡚㉳ࡇࡿ៏ᛶࡢ⬻㞀ᐖ࡛ࠊ኱⬻ࢽ࣮ࣗࣟࣥࡢ㐣๫࡞Ⓨᑕࡢ⤖ᯝ㉳ࡇࡿ཯᚟
ᛶⓎస(࡚ࢇ࠿ࢇⓎస㸸epileptic seizure)ࢆ୺ᚩ࡜ࡋࠊ✀ࠎࡢ⮫ᗋ⑕ཬࡧ᳨ᰝᡤぢࢆక࠺
ࡶࡢ ࡜ࠖᐃ⩏ࡉࢀࡓ[1-3,9]ࠋࡇࢀࡣࠊᅜ㝿ᢠ࡚ࢇ࠿ࢇ㐃┕(international league against epilepsy: 































ᩥࢆึࡵ࡚Ⓨ⾲ࡋࡓ௨㝆ࡢ 1930 ᖺ௦࡛࠶ࡿ[1-2,4]ࠋࡑࡢᚋ⮫ᗋ⬻Ἴࡣࠊࢠࣈࢫኵጔ(F.A. 





























⾲ⓗ࡞Ἴᙧ࡜ࡋ࡚ࡣࠊᲲἼ(spike)ࠊ㗦Ἴ(sharp wave)ࠊከᲲἼ(polyspikes, multiple spikes)ࠊ








ᣢࡘࡓࡵ㠀ᖖ࡟㔜せ࡛࠶ࡿ࡚ࠋ ࢇ࠿ࢇࡢศ㢮ࡣࠊᅜ㝿ᢠ࡚ࢇ࠿ࢇ㐃┕(international league 











࡚ࢇ࠿ࢇⓎసࢆ⾲ 1.2࡟♧ࡋࠊᮍศ㢮࡚ࢇ࠿ࢇⓎసࢆ⾲ 1.3࡟♧ࡍࠋ 
 
⾲ 1.1 㒊ศᛶ࡚ࢇ࠿ࢇⓎస[4] 
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II.  ㎶⦕⣔㡿ᇦ(⮬ື⑕ࢆక࠺ࠊࡲࡓࡣకࢃ࡞࠸ㄆ▱㞀ᐖᛶ㹙⢭⚄㐠ື㹛Ⓨస) 
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⾲ 1.2 ඲⯡ᛶ࡚ࢇ࠿ࢇⓎస[4] 
1 Ḟ⚄Ⓨస 


























































ඛ⾜◊✲࡛ࡣࠊ▷᫬㛫ࡢ㟁Ẽ่⃭(brief pulses of electrical stimulation: BPS)ࢆ୚࠼ࡿࡇ
࡜࡛ࠊADࡀᢚไࡉࢀࡓࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ[10-11]ࠋBPSࡣ ADࡢ┦ᑐⓗ࡞᫬㛫ࡸ἞⒪


































































































































































ᅗ 2.1 ᅜ㝿ᶆ‽㟁ᴟ㓄⨨ἲ 
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ࡲࡓࠊಙྕ ݔሺݐሻࠊಙྕ ݕሺݐሻ 㛫ࡢࢡࣟࢫࢫ࣌ࢡࢺࣝᐦᗘܵݔݕሺ݂ሻࡣᘧ 2.8ࡼࡾồࡲࡿࠋ 
 


































࠶ࡿ 2ࡘࡢಙྕ x(t)㸪y(t)ࢆ࢙࣮࢘ࣈࣞࢵࢺኚ᥮ࡍࡿ࡜ܹࠊ ௫݂ሺܾǡ ܽሻ㸪ܹ ୷݂ሺܾǡ ܽሻ࡜࡞ࡾࠊ
ࡇࡢ᫬ࡢ࢙࣮࢘ࣈࣞࢵࢺ┦஫┦㛵㛵ᩘ௫ǡ௬ሺܽǡ ߬ሻࡣᘧ 2.11ࡢࡼ࠺࡟ᐃ⩏ࡉࢀࡿࠋ 
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 ɒࡣ᫬㛫ᕪࠊܹ ௫݂ሺܾǡ ܽሻതതതതതതതതതതതതതࡣ」⣲ඹᙺࢆ♧ࡍࠋࡇࢀ࡟ᑐࡋ࡚ࠊܹܥ௫ǡ௬ሺܽǡ ߬ሻࡢᐇ㒊
Թܹܥ௫ǡ௬ሺܽǡ ߬ሻࢆṇつ໬ࡋࡓࡶࡢࢆ࢙࣮࢘ࣈࣞࢵࢺ┦஫┦㛵ಀᩘ(wavelet−crosscorrelation 
coefficients: WCC)ܹܴ௫ǡ௬ሺܽǡ ߬ሻ࡜࿧ࡧࠊᘧ 2.12࡛ᐃ⩏ࡉࢀࡿࠋ 
 






㐃ᛶࢆ▱ࡿࡇ࡜ࡀ࡛ࡁࡿࠋWCC ್ࡣࠊ0 ࠿ࡽ 1 ࡲ࡛ࡢ್ࢆ࡜ࡾࠊồࡵࡓ WCC ್ࡀ 1
࡟㏆࠸࡯࡝㛵㐃ᛶࡀ㧗ࡃࠊ0࡟㏆࠸࡯࡝㛵㐃ᛶࡀప࠸ࡇ࡜ࢆ♧ࡍࠋ 
 ࡉࡽ࡟ྛ࿘Ἴᩘᡂศ࡟࠾࠸࡚ࠊWCC ್ࡀ᭱኱ࡢ್ࢆ♧ࡍ࡜ࡁࡢ᫬㛫ᕪ(time−lag: 
LAG)߬୫ୟ୶௫ǡ௬ǡ௔ࡣࠊᘧ 2.13࡛♧ࡉࢀࡿࠋ 
 














࣮࣡ࢫ࣌ࢡࢺ್ࣝࡢ 10%௨ୖࢆ᥇⏝࡜ࡋࠊWCC ್ࢆ᭷ຠ࡜ࡍࡿࡓࡵࡢ㜈್ࡣ 0.3 ௨ୖ
࡜タᐃࡋࡓࠋゎᯒᖏᇦࡣࢩ࣮ࢱ 1ᖏᇦ(4−6 Hzᮍ‶)ࠊࢩ࣮ࢱ 2ᖏᇦ(6−8 Hzᮍ‶)࡜࢔ࣝ
ࣇ࢓ 1ᖏᇦ(8−10 Hzᮍ‶)ࠊ࢔ࣝࣇ࢓ 2ᖏᇦ(10−13 Hzᮍ‶)ࡢ 4࿘Ἴᩘᖏᇦ࡜ࡋࡓࠋゎ
ᯒࡋࡓ⬻Ἴࡣࠊ␗ᖖἼฟ⌧๓ 4⛊㛫ࠊ␗ᖖἼฟ⌧୰ 2⛊㛫ࠊ␗ᖖἼ⤊஢ᚋࡢ 4⛊㛫ࡢィ
10⛊㛫⾜ࡗࡓࠋࡇࢀࡽࢆࠊᅗ 2.2࡟♧ࡍ࡜࠾ࡾࠊྛ 2⛊㛫ࡢ 5ࡘࡢࢭࢢ࣓ࣥࢺ(A)␗ᖖ
Ἴฟ⌧๓ 4−2 ⛊㛫ࠊ(B)␗ᖖἼฟ⌧๓ 2−0 ⛊㛫ࠊ(C)␗ᖖἼฟ⌧୰ 2 ⛊㛫ࠊ(D)␗ᖖἼ⤊
஢ᚋ 0−2⛊㛫ࠊ(E)␗ᖖἼ⤊஢ᚋ 2−4⛊㛫࡟ศࡅࡓࠋ 








































ᛶ(familywise error rate: FWER)ࡀቑຍࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ[59-60]ࠋ 
FWERࢆㄪᩚࡍࡿ᪉ἲ࡜ࡋ࡚ࠊ⤫ィ㔞࡟ᇶ࡙࠸ࡓ᪉ἲ࡜ࡇࢀࡽࡢ⤫ィ㔞࠿ࡽ⟬ฟࡉࢀ
ࡓ p್ࢆㄪᩚࡍࡿ᪉ἲࡀ࠶ࡿࠋ⤫ィ㔞ࢆ⏝࠸ࡓ᪉ἲ࡜ࡋ࡚ࡣࠊF⤫ィ㔞ࢆ⏝࠸ࡓ Fisher's 
least significant difference(Fisher's LSD)ἲ➼ࡀ࠶ࡾࠊp ್ࢆㄪᩚࡍࡿ᪉ἲ࡜ࡋ࡚ࡣࠊ
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Bonferroni ἲࡸ Holm ἲࡀ▱ࡽࢀ࡚࠸ࡿࠋᚋ⪅ࡣࠊ⤫ィ㔞࡟౫Ꮡࡋ࡞࠸ࡓࡵỗ⏝ᛶࡀ㧗
࠸ࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋ 
Bonferroniἲࡣ㠀ᖖ࡟ಖᏲⓗ࡞᳨ᐃ࡜ࡋ࡚▱ࡽࢀ࡚࠸ࡿࠋ᳨ᐃᩘࡀ Nಶࡢሙྜࠊ᭷ព
Ỉ‽ࢆ a࡜ࡍࡿ࡜ Bonferroniἲࡣ᭷ពỈ‽ࢆ a/N࡜ࡍࡿࠋࡋࡓࡀࡗ࡚ࠊNᩘࡀቑຍࡍࡿ
࡯࡝ࠊ➨ 2✀ࡢ㐣ㄗ࡛࠶ࡿഇ㝜ᛶ(false negative)ࡢྍ⬟ᛶࡀቑຍࡍࡿ࡜ゝࢃࢀ࡚࠸ࡿࠋ 
ഇ㝜ᛶࢆ㉳ࡇࡍྍ⬟ᛶࢆᑠࡉࡃࡍࡿࡓࡵࠊᲠ༷ࡉࢀࡓ඲࡚ࡢᖐ↓௬ㄝࡢ࠺ࡕࠊഇ㝧ᛶ
(False positive)ࡀྵࡲࢀ࡚࠸ࡿ☜⋡(false discovery rate=FDR)ࢆㄪᩚࡍࡿ᪉ἲࡢ 1 ࡘ࡟






Q࡟ᑐࡋ᳨࡚ᐃ඲య࡛ᮇᚅ್ࢆྲྀࡗࡓ Qe(FDR)ࡣᘧ 2.14࡛♧ࡉࢀࡿࠋ 
 
















ⓎᚊືἼ(interictal paroxysmal rhythmic activity)ࡀㄆࡵࡽࢀࡓࠋ 
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⾲ 2.1 ᝈ⪅᝟ሗ 
 
2.3.2 どᐹ⬻Ἴ 
ᅗ 2.4࡟ゎᯒࢆ⾜ࡗࡓᝈ⪅#6ࡢ␗ᖖἼฟ⌧๓ 4⛊㛫ࠊ␗ᖖἼฟ⌧୰ 2⛊㛫ࠊ࠾ࡼࡧ␗



















#1 32 ⏨ ᢚ࠺ࡘ≧ែ ↓ ↓ 25 
#2 61 ዪ ࡚ࢇ࠿ࢇ ᭷ ᭷ 10 
#3 52 ዪ ⤫ྜኻㄪ⑕ ᭷ ᭷ 20 
#4 25 ዪ ࠺ࡘ⑓ ᭷ ᭷ 25 
#5 59 ⏨ ⤫ྜኻㄪ⑕ ᭷ ᭷ 10 
#6 34 ⏨ ⚄⤒⑕ ᭷ ᭷ 15 
#7 77 ዪ ࠺ࡘ⑓ ↓ ↓ 20 
#8 39 ዪ ᢚ࠺ࡘ≧ែ ᭷ ᭷ 25 
#9 33 ዪ ⤫ྜኻㄪ⑕ ᭷ ᭷ 10 




ᅗ 2.5 ࡟ᝈ⪅#3 ࡢ๓㢌㒊(F3ࠊF4)ࠊ୰ᚰ㒊(C3ࠊC4)ࠊ㢌㡬㒊(P3ࠊP4)ࠊᚋ㢌㒊(O1ࠊ
O2)ࠊཬࡧഃ㢌㒊(T3ࠊT4)ࡢ㟁ᴟ࡟࠾ࡅࡿ࢙࣮࢘ࣈࣞࢵࢺࢫࢣࣟࢢ࣒ࣛ(࢙࣮࢘ࣈࣞࢵࢺ
ࢫ࣌ࢡࢺࣝ)ࢆ♧ࡍࠋ⦪㍈ࡣ࿘Ἴᩘ[Hz]ࢆ♧ࡋࠊᶓ㍈ࡣ᫬㛫[⛊]ࢆ♧ࡍࠋྛ㟁ᴟ࡛᭱኱ࢫ


















࡟ࠊ࣐ࢵࣉ࡟ࣉࣟࢵࢺࡋࡓᅗࢆ♧ࡍࠋᅗ 2.6(1)࡟ࢩ࣮ࢱ 1ᖏᇦ(4−6 Hzᮍ‶)ࢆ♧ࡋࠊᅗ
2.6(2)࡟ࢩ࣮ࢱ 2ᖏᇦ(6−8 Hzᮍ‶)ࢆ♧ࡍࠋᅗࡢۑࡣ㟁ᴟࢆ♧ࡋࠊ㟁ᴟ㛫ࡢ⥺ࡢⰍࡣWCC
್ࡢ㧗పࢆ♧ࡋ࡚࠾ࡾࠊ㉥ⰍࡣWCC್ࡀ 0.90௨ୖ 1.00௨ୗࢆ♧ࡋࠊ⥳ⰍࡣWCC್ࡀ






ࢵࣉ࡟ࣉࣟࢵࢺࡋࡓᅗࢆ♧ࡍࠋᅗ 2.7(1)࡟࢔ࣝࣇ࢓ 1ᖏᇦ(8−10 Hzᮍ‶)ࢆ♧ࡋࠊᅗ 2.7(2)





ᅗ 2.6 ࢩ࣮ࢱἼᖏᇦࡢᖹᆒWCC್ࡢ⬻ෆ࣐ࢵࣉ 
 
 













ᅗ 2.8(1)࡟ࢩ࣮ࢱ 1ᖏᇦ(4−6 Hzᮍ‶)ࢆ♧ࡋࠊᅗ 2.8(2)࡟ࢩ࣮ࢱ 2ᖏᇦ(6−8 Hzᮍ‶)
ࢆ♧ࡍࠋࢩ࣮ࢱ 1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ
(F(4, 850)=13.12, p<0.001)ࠋࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶






ࢆ♧ࡍࠋᅗ 2.9(1)࡟࢔ࣝࣇ࢓ 1ᖏᇦ(8−10 Hzᮍ‶)ࢆ♧ࡋࠊᅗ 2.9(b)࡟࢔ࣝࣇ࢓ 2ᖏᇦ




ぢࡽࢀ࡞࠿ࡗࡓ(F(4, 850)=2.09, p=0.08)ࠋ࢔ࣝࣇ࢓ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ
㛫࡟᭷ព࡞ᕪࡣぢࡽࢀ࡞࠿ࡗࡓ(F(4, 850)=1.77, p㸻0.13)ࠋ 
 
 
ᅗ 2.8 ࢩ࣮ࢱἼᖏᇦࡢ඲㟁ᴟ㛫ࡢᖹᆒWCC್ 
 
 
ᅗ 2.9 ࢔ࣝࣇ࢓Ἴᖏᇦࡢ඲㟁ᴟ㛫ࡢᖹᆒWCC್ 
 
2.3.5.2 Benjamini and Hochbergἲ࡟ࡼࡿከ㔜ẚ㍑ 





ࢆ⏝࠸࡚ከ㔜ẚ㍑ࡋࡓ⤖ᯝࢆ♧ࡍࠋ⾲ࡢ SGࡣ 2ࡘࡢࢭࢢ࣓ࣥࢺ㛫ࢆ♧ࡋ࡚࠾ࡾࠊ⾲ 2














⾲ 2.2 ᖏᇦู࡟࠾ࡅࡿ㟁ᴟ㛫ࡢᖹᆒWCC್(BHἲ) 
(1)ࢩ࣮ࢱ 1ᖏᇦ 
SG A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E 
t್ 0.101 1.0103 0.177 0.123 1.0103 0.790 0.932 1.0103 1.0103 0.857 
q್ 0.202 1.0103 0.253 0.205 1.0103 0.932 0.932 1.0103 1.0103 0.932 
(2)ࢩ࣮ࢱ 2ᖏᇦ 
SG A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E 
t್ 0.007 1.0103 0.185 0.588 1.0103 0.159 0.033 1.0103 1.0103 0.442 
q್ 0.014 1.0103 0.232 0.588 1.0103 0.227 0.054 1.0103 1.0103 0.492 
(3)࢔ࣝࣇ࢓ 1ᖏᇦ 
SG A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E 
t್ 0.311 0.091 0.959 0.331 0.489 0.339 0.049 0.103 0.009 0.309 
q್ 0.432 0.257 0.959 0.423 0.543 0.423 0.244 0.257 0.087 0.423 
(4)࢔ࣝࣇ࢓ 2ᖏᇦ 
SG A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E 
t್ 0.310 0.404 0.754 0.201 0.859 0.179 0.002 0.246 0.033 0.328 















ᅗ 2.10࡟እഃ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋᅗ 2.10(1)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 1ᖏᇦ࡛ࡣࠊ␗ᖖ
Ἴฟ⌧୰(C)ࠊࡢ㟁ᴟ T3−T5㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.10(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ T3−T5㛫ࠊཬࡧ㟁
ᴟ T4−T6㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.10(3)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 1ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ F7−T3㛫ࠊཬࡧ
㟁ᴟ F8−T4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 








ᅗ 2.10 እഃ▮≧᪉ྥ 




ᅗ 2.11 ࡟ෆഃ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋᅗ 2.11(1)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 1 ᖏᇦ࡛ࡣࠊ␗
ᖖἼฟ⌧๓(B)ࠊ␗ᖖἼ⤊஢ᚋ(D)ࡢ㟁ᴟ C4−P4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼฟ⌧
୰(C)ࡢ㟁ᴟ Fp1−F3㛫ࠊ㟁ᴟ Fp2−F4㛫ࠊ㟁ᴟ F3−C3㛫ࠊ㟁ᴟ F4−C4㛫ࠊ㟁ᴟ C3−P3
㛫ࠊཬࡧ㟁ᴟ C4−P4 㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼ⤊஢ᚋ(E)ࡢ㟁ᴟ Fp1−F3 㛫ࠊ
ཬࡧ㟁ᴟ C4−P4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.11(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧๓(B)ࠊ␗ᖖἼ⤊஢ᚋ(DࠊE)ࡢ
㟁ᴟ Fp1−F3㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ Fp1−F3㛫ࠊཬࡧ㟁ᴟ
Fp2−F4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.11(3)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 1ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ Fp1−F3㛫࡛㛵㐃
ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼ⤊஢ᚋ(E)ࡢ㟁ᴟ Fp2−F4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 








ᅗ 2.11 ෆഃ▮≧᪉ྥ 




ᅗ 2.12࡟୰ᚰ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋᅗ 2.12(1)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 1ᖏᇦ࡛ࡣࠊ␗
ᖖἼฟ⌧๓(B)ࠊ␗ᖖἼ⤊஢ᚋ(E)ࡢ㟁ᴟ Fz−Cz㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼฟ⌧












ᅗ 2.12 ୰ᚰ▮≧᪉ྥ 




ᅗ 2.13࡟እഃෙ≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋᅗ 2.13(1)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 1ᖏᇦ࡛ࡣࠊ␗
ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ T3−C3㛫ࠊ㟁ᴟ C4−T4㛫ࠊ㟁ᴟ T5−P3㛫ࠊཬࡧ㟁ᴟ P4−T6㛫࡛
㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ␗ᖖἼ⤊஢ᚋ(E)ࡢ㟁ᴟ C4−T4㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.13(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧๓(B)ࠊཬࡧ␗ᖖἼ⤊஢ᚋ(E)ࡢ




ᅗ 2.13(4)࡟♧ࡍ࡜࠾ࡾࠊ࢔ࣝࣇ࢓ 2 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧๓(AࠊB)ࡢ㟁ᴟ F4−F8 㛫
࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
 




ᅗ 2.13 እഃෙ≧᪉ྥ 




ᅗ 2.14 ࡟ෆഃ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋᅗ 2.11(1)࡟♧ࡍ࡜࠾ࡾࠊࢩ࣮ࢱ 1 ᖏᇦ࡛ࡣࠊ
␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ F3−Fz㛫ࠊ㟁ᴟ C3−Cz㛫ࠊཬࡧ P3−Pz㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋ
ࡓࠋ 
ᅗ 2.14(2)࡟♧ࡍ࡜࠾ࡾࠊࢩ࣮ࢱ 2ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ㟁ᴟ F3−Fz㛫࡛㛵㐃
ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.14(3)࡟♧ࡍ࡜࠾ࡾࠊ࢔ࣝࣇ࢓ 1 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࠊ␗ᖖἼ⤊஢ᚋ(D)
ࡢ㟁ᴟ F3−Fz㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 2.14(4)࡟♧ࡍ࡜࠾ࡾࠊ࢔ࣝࣇ࢓ 2 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧๓(A)ࠊ␗ᖖἼฟ⌧୰(C)
ࡢ㟁ᴟ F3−Fz㛫࡛㛵㐃ᛶࡀ㧗್ࢆ♧ࡋࡓࠋ 
 













(1)࡟ࢩ࣮ࢱ 1ᖏᇦ(4−6 Hzᮍ‶)ࢆ♧ࡋࠊ(2)࡟ࢩ࣮ࢱ 2ᖏᇦ(6−8 Hzᮍ‶)ࢆ♧ࡍࠋ(3)࡟
࢔ࣝࣇ࢓ 1ᖏᇦ(8−10 Hzᮍ‶)ࢆ♧ࡋࠊ(4)࡟࢔ࣝࣇ࢓ 2ᖏᇦ(10−13 Hzᮍ‶)ࢆ♧ࡍࠋ 
 
2.3.7.1 እഃ▮≧᪉ྥ 
ᅗ 2.15 ࡟እഃ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ
㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 614)=2.43, p<0.05)ࠋࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖
ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 611)=3.10, p <0.05)ࠋ࢔ࣝࣇ࢓ 1
ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(F(4, 613)=1.23, p=0.30)ࠋ




ᅗ 2.15(2)࡟♧ࡍ㏻ࡾࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC್ࡣࠊ␗ᖖἼฟ⌧๓(A)ࡢ WCC್࡜
ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.05)ࠋ 
ᅗ 2.15(3)ࠊཬࡧ(4)࡟♧ࡍ㏻ࡾࠊእഃ▮≧᪉ྥࡢ࢔ࣝࣇ࢓ 1 ᖏᇦࠊཬࡧ࢔ࣝࣇ࢓ 2 ᖏ
ᇦࡢWCC್ࡣࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 
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 ᅗ 2.15 እഃ▮≧᪉ྥ 
 
2.3.7.2 ෆഃ▮≧᪉ྥ 
ᅗ 2.16 ࡟ෆഃ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ
㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 1235)=9.59, p<0.001)ࠋࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ
⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 1235)=10.93, p<0.001)ࠋ࢔ࣝࣇ
࢓ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ (F(4, 
1235)=4.58, p<0.01)ࠋ࢔ࣝࣇ࢓ 2 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽ





♧ࡋࡓ(p<0.05)ࠋ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣ␗ᖖἼ⤊஢ᚋ(DࠊE)ࡢ WCC ್࡜ẚ㍑ࡋ
࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.01, p<0.05)ࠋ 
ᅗ 2.16(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧๓(A)ࡢ WCC ್࡜ẚ㍑ࡋ࡚ࠊ
␗ᖖἼฟ⌧๓(B)ࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣ᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊ
p<0.05, p<0.001)ࠋ␗ᖖἼฟ⌧๓(B)ࡢ WCC್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC್





ᅗ 2.16(3)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 1 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣࠊ␗ᖖἼ
ฟ⌧๓(A)ࠊཬࡧ␗ᖖἼ⤊஢ᚋ(E)ࡢWCC್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰
␒࡟ࠊp<0.01, p<0.05)ࠋ 




ᅗ 2.16 ෆഃ▮≧᪉ྥ 
 
2.3.7.3 ୰ᚰ▮≧᪉ྥ 
ᅗ 2.17 ࡟୰ᚰ▮≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ
㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 305)=3.74, p<0.01)ࠋࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖
ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(F(4, 05)=1.70, p=0.15)ࠋ࢔ࣝࣇ࢓ 1ᖏᇦࡢ
ศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(F(4, 305)=1.05, p =0.38)ࠋ࢔
ࣝࣇ࢓2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(F(4, 305)=0.76, 
p =0.55)ࠋ 










ᅗ 2.17 ୰ᚰ▮≧᪉ྥ 
 
2.3.7.4 እഃෙ≧᪉ྥ 
ᅗ 2.18 ࡟እഃෙ≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ
㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 924)=6.09, p<0.001)ࠋࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ
⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F (4, 924)=3.10, p<0.05)ࠋ࢔ࣝࣇ࢓ 1
ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠿ࡗࡓ(F(4, 923)=0.46, p=1.00)ࠋ




WCC್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.001, p<0.05, p<0.05)ࠋ 
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ᅗ 2.18(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2 ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣࠊ␗ᖖἼฟ
⌧๓(A)ࡢWCC್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.01)ࠋ 




ᅗ 2.18 እഃෙ≧᪉ྥ 
 
2.3.7.5 ෆഃෙ≧᪉ྥ 
ᅗ 2.19 ࡟ෆഃෙ≧᪉ྥࡢ⤖ᯝࢆ♧ࡍࠋࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ




1233)=1.04, p =0.38)ࠋ 
Bonferonniἲࢆ⏝࠸࡚ከ㔜ẚ㍑ࢆ⾜ࡗࡓ࡜ࡇࢁࠊᅗ 2.19(1)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 1ᖏᇦ
࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣࠊ␗ᖖἼฟ⌧๓(AࠊB)ࠊཬࡧ␗ᖖἼ⤊஢ᚋ(DࠊE)
ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.001, p<0.01, p<0.001, 
p<0.001)ࠋᅗ 2.19(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2ᖏᇦ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢWCC್ࡣࠊ␗












ᅗ 2.20ࠊ2.21ࠊ2.22ࠊཬࡧᅗ 2.23 ࡟ࠊ඲ᝈ⪅࡟ࡘ࠸࡚ᖏᇦู࡟ࠊ㡿ᇦ㟁ᴟ㛫ࡢᖹᆒ
WCC ್ࢆࢭࢢ࣓ࣥࢺ㛫࡛ᕥ༙⌫ഃࠊྑ༙⌫ู࡟ࠊཬࡧᕥ༙⌫ഃࠊྑ༙⌫㛫࡛ẚ㍑ࡋࡓ
⤖ᯝࢆ♧ࡍࠋ⦪㍈ࡣ WCC ್ࢆ♧ࡋࠊ1.0 ࡟㏆࡙ࡃ࡯࡝㛵㐃ᛶࡀ㧗࠸ࡇ࡜ࢆ♧ࡍࠋᶓ㍈
ࡣࢭࢢ࣓ࣥࢺࢆ♧ࡍࠋ(1)࡟ࢩ࣮ࢱ 1ᖏᇦ(4−6 Hzᮍ‶)ࢆ♧ࡋࠊ(2)࡟ࢩ࣮ࢱ 2ᖏᇦ(6−8 Hz





















ࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 
615)=5.78, p<0.001)ࠋྑ༙⌫ഃ㟁ᴟࡢࢩ࣮ࢱ 1 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 615)=4.53, p<0.001)ࠋᕥ༙⌫ഃ㟁ᴟࡢࢩ࣮ࢱ 2ᖏᇦࡢ
ศᩓศᯒࡢ⤖ᯝࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 615)=5.41, p<0.05)ྑࠋ
༙⌫ഃ㟁ᴟࡢࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿
ࡗࡓ(F(4, 615)=6.24, p<0.001)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ
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࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 615)=2.30, p<0.05)ྑࠋ ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ
࢓1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 615)=3.07, 
p<0.05)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳ













ᅗ 2.21(3)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 1 ᖏᇦࡢᕥ༙⌫ഃࡢ㟁ᴟ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ
WCC್ࡣࠊ␗ᖖἼ⤊஢ᚋ(E)ࡢWCC್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.001)ࠋྑ༙
⌫ഃࡢ㟁ᴟ࡛ࡣࠊ␗ᖖἼฟ⌧๓(A)ࡢ WCC ್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್
ࡣ᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.001)ࠋ 
ᅗ 2.21(4)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 2 ᖏᇦ࡛ࡣࠊࢭࢢ࣓ࣥࢺ㛫ࠊཬࡧᕥྑ㛫࡟᭷ព࡞ᕪ
ࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 
 













ࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 459)=3.63, p<0.01)ࠋᕥ༙⌫ഃ㟁ᴟࡢࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊ
ࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ(F(4, 459)=1.30, p=0.27)ྑࠋ ༙⌫ഃ㟁
ᴟࡢࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗ
ࡓ(F(4, 460)=2.24, p=0.06)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥ
ࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ(F(4, 458)=0.03, p=1.00)ྑࠋ ༙⌫ഃ㟁ᴟࡢ࢔ࣝ
ࣇ࢓ 1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ(F(4, 
460)=0.09, p=0.99)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ(F(4, 459)=0.24, p=0.92)ࠋྑ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 2
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ࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 460)=7.54, p<0.001)ࠋᕥ༙⌫ഃ㟁ᴟࡢࢩ࣮ࢱ 2ᖏᇦࡢศᩓศᯒࡢ⤖
ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 460)=2.46, p<0.05)ྑࠋ ༙⌫ഃ㟁ᴟ
ࡢࢩ࣮ࢱ 2 ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 
460)=7.05, p<0.001)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 1ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫
࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(4, 460)=7.54, p<0.001)ࠋྑ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 1ᖏ
ᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣࡳࡽࢀ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓ (F(4, 
460)=1.28, p=0.28)ࠋᕥ༙⌫ഃ㟁ᴟࡢ࢔ࣝࣇ࢓ 2ᖏᇦࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟







ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.001, p<0.01, p<0.001)ࠋ 
ᅗ 2.23(2)࡟♧ࡍ㏻ࡾࠊࢩ࣮ࢱ 2 ᖏᇦࡢᕥ༙⌫ഃࡢ㟁ᴟ࡛ࡣࠊ᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿
ࡗࡓࠋྑ༙⌫ഃࡢ㟁ᴟ࡛ࡣࠊ␗ᖖἼฟ⌧୰(C)ࡢ WCC ್ࡣࠊ␗ᖖἼฟ⌧๓(A)ࠊཬࡧ␗
ᖖἼ⤊஢ᚋ(D, E)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.001, 
p<0.01, p<0.001)ࠋ 
ᅗ 2.23(3)ࠊ(4)࡟♧ࡍ㏻ࡾࠊ࢔ࣝࣇ࢓ 1 ᖏᇦࠊཬࡧ࢔ࣝࣇ࢓ 2 ᖏᇦࡢᕥูࡢࢭࢢ࣓ࣥ
ࢺ㛫ࡢẚ㍑࡛ࡣࠊ᭷ព࡞ᕪࡣࡳࡽࢀ࡞࠿ࡗࡓࠋ 


















࡛ࡢ⿕᳨⪅ࡣ 9ேࡢෆࠊึデ᫬ࡢ୺⑓ྡࡣ⤫ྜኻㄪ⑕ 3ேࠊ⚄⤒⑕ 1ேࠊᢚ࠺ࡘ≧ែ 2










































































































࡚ࢇ࠿ࢇᛶ␗ᖖἼࡢᣢ⥆᫬㛫ࡀ 2⛊௨ୖ 3⛊ᮍ‶ࡢ⬻Ἴࢆ Short Run࡜ࡋࠊ࡚ࢇ࠿ࢇ
ᛶ␗ᖖἼࡢᣢ⥆᫬㛫ࡀ 3⛊௨ୖࡢ⬻Ἴࢆ Long Run࡜ࡋࡓࠋゎᯒ᫬㛫ࡣࠊࡑࢀࡒࢀࢆ 2
⛊㛫ẖࡢࢭࢢ࣓ࣥࢺ࡟ศࡅࡓࠋ 
ᅗ 3.1(1)࡟♧ࡍ࡜࠾ࡾࠊShort Run࡛ࡣࠊゎᯒ༊㛫ࢆࠊ␗ᖖἼฟ⌧๓ 10⛊㛫(AࠊBࠊCࠊ
DࠊE)ࠊ␗ᖖἼฟ⌧୰ 2⛊㛫(F)ࠊ␗ᖖἼ⤊஢ᚋ 10⛊㛫(GࠊHࠊIࠊJࠊK)ࡢィ 22⛊㛫 11
ࢭࢢ࣓ࣥࢺ࡜ࡋࡓࠋ 
ᅗ 3.1(2)࡟♧ࡍ࡜࠾ࡾࠊLong Run࡛ࡣࠊゎᯒ༊㛫ࢆࠊ␗ᖖἼฟ⌧๓ 10⛊㛫(A’ࠊB’ࠊ
C’ࠊD’ࠊE’)ࠊ␗ᖖἼฟ⌧୰ 10⛊㛫(F’ࠊG’ࠊH’ࠊI’ࠊJ’)ࠊ␗ᖖἼ⤊஢ᚋ 10⛊㛫(K’ࠊL’ࠊ









(wavelet−crosscorrelation analysis)ࢆ⏝࠸ࡓࠋゎᯒ᪉ἲࡣࠊ➨ 2 ❶ ࢙࣮࢘ࣈࣞࢵࢺ┦஫
┦㛵ゎᯒࢆ⏝࠸ࡓ࡚ࢇ࠿ࢇᛶ␗ᖖἼࢆྵࡴ⬻Ἴࡢᖏᇦู㡿ᇦู㒊఩㛫㛵㐃ᛶࡢࠊ2.2.2
ゎᯒ᪉ἲࡢ 2.2.2.5 ࢙࣮࢘ࣈࣞࢵࢺ┦஫┦㛵ゎᯒࡢᡭ㡰࡜ྠᵝ࡛࠶ࡿࠋ 
ᮏ◊✲࡛ࡣྛᝈ⪅࡟ࡘ࠸࡚ࠊ19㟁ᴟ㛫ࡢ඲࡚ࡢ⤌ྜࡏ( ଵଽ ଶ ൌ ͳ͹ͳ⤌ྜࡏ)࡟࠾ࡅࡿ㛵





್ࡣ 0.3௨ୖ࡟タᐃࡋࡓࠋࡉࡽ࡟ࠊ࠶ࡿ 2ࡘࡢ㟁ᴟ㛫࡛ࡢWCC್ࡀ 0.75௨ୖࡢ᫬ࡢࡳࠊ
ࡑࡢ㒊఩㛫࡛ࡢ 2ࡘࡢἼᙧࡢ LAG್ࢆ᥇⏝ࡋࡓࠋゎᯒᖏᇦࡣࠊ4−13 Hzࢆ 1 Hzྎẖ࡟
༊ษࡗ࡚ᖹᆒ್ࢆ⟬ฟࡋࡓ 10ᖏᇦࢆᑐ㇟࡜ࡋࠊᮏ◊✲࡛ࡣࠊ6.024−6.944 Hzࡢ 12ಶࡢ
࢙࣮࢘ࣈࣞࢵࢺࢫࢣ࣮ࣝ࡟࠾ࡅࡿ್ࢆᖹᆒࡋࡓ 6 Hzྎ࡜ࠊ8.065−8.929 Hzࡢ 7ಶࡢ࢙࢘
࣮ࣈࣞࢵࢺࢫࢣ࣮ࣝ࡟࠾ࡅࡿ್ࢆᖹᆒࡋࡓ 8 Hzྎࡢ 2࿘Ἴᩘᖏᇦࢆᑐ㇟࡜ࡋࡓࠋ 
 
3.2.3.1 ඲⿕᳨⪅ࡢ඲㟁ᴟ㛫࡛ࡢᖹᆒWCC್ࡢẚ㍑ 
Short Runཬࡧ Long Runู࡟ࠊ19㟁ᴟ㛫ࡢ඲࡚ࡢ⤌ྜࡏ࡟࠾ࡅࡿWCC್ࢆᖏᇦู࡟
⟬ฟࡋࠊ඲࡚ࡢ⿕᳨⪅࡟࠾ࡅࡿྠ㟁ᴟ㛫ࡢ⤌ྜࡏࡢWCC್ࢆࠊ࿘Ἴᩘᖏᇦẖ࡟ᖹᆒࡋࠊ






3.2.3.2 ⬻Ἴ㒊఩ูࡢ㟁ᴟ࡜௚㟁ᴟ㛫࡛ࡢᖹᆒWCC್ཬࡧᖹᆒ LAG್ 
๓㢌㒊ࠊ㢌㡬㒊ࠊഃ㢌㒊ཬࡧᚋ㢌㒊ࡢ㛵㐃ᛶࠊཬࡧ᝟ሗఏ᧛ࡢኚ໬ࢆ▱ࡿࡓࡵ࡟ࠊ඲
⿕᳨⪅ࡢ 6 Hzྎཬࡧ 8 HzྎࡢᖹᆒWCC್ཬࡧᖹᆒ LAG್ࢆࠊ๓㢌㒊ࡢ F3࡜ F4ࡢ 2
㟁ᴟࠊ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࠊഃ㢌㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟཬࡧࠊᚋ㢌㒊ࡢ O1࡜
O2 ࡢ 2 㟁ᴟࢆ୰ᚰ࡜ࡋࠊ௚㟁ᴟ࡜ࡢ⤌ྜࡏࢆ⬻ෆ࣐ࢵࣉ࡟ࣉࣟࢵࢺࡋࡓࠋᅗ 3.2 ࡟㟁
ᴟࢆ♧ࡍࠋ 
඲⿕᳨⪅࡟ࡘ࠸࡚ࠊ๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࠊ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࠊഃ㢌
㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟཬࡧࠊᚋ㢌㒊ࡢ O1࡜ O2ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࠊ௚㟁ᴟ࡜ࡢ⤌ྜ
ࡏࡢᖹᆒ WCC ್ࢆࢭࢢ࣓ࣥࢺ㛫࡛ẚ㍑ࡋࡓࠋẚ㍑࡟ࡣࠊ୍ඖ㓄⨨ศᩓศᯒ(one−way 




ࡓࡵ࡟ࠊFDRࢆไᚚࡍࡿ Benjamini and Hochbergࡢ᪉ἲ(BHἲ)ࢆ⏝࠸࡚ከ㔜ẚ㍑ࢆ⾜ࡗ
ࡓ[51]ࠋ 
 
   




⿕᳨⪅ࡣ 12ே࡛ࠊ⏨ᛶ 3ேࠊዪᛶ 9ே࡛࠶ࡗࡓࠋᖺ㱋ࡣ 26−78ṓ࡛ࠊᖹᆒ 48.1±14.97
ṓ࡛࠶ࡗࡓࠋ⿕᳨⪅ 12ேࡢึデ᫬⑓ྡࡣࠊ࡚ࢇ࠿ࢇࡀ 3ேࠊᢚ࠺ࡘ≧ែࡀ 3ேࠊ⤫ྜ
ኻㄪ⑕ࡀ 3ேࠊ࠺ࡘ⑓ࡀ 2ேࠊ⚄⤒⑕ 1ே࡛࠶ࡗࡓࠋࡑࡢᚋࡢ⬻Ἴ᳨ᰝ࡟ࡼࡾࠊ⬻Ἴ␗
ᖖࡀㄆࡵࡽࢀࠊ඲࡚ࡢᝈ⪅ࡣ࡚ࠊ ࢇ࠿ࢇࡲࡓࡣ⢭⚄⑌ᝈࢆేⓎࡋࡓ࡚ࢇ࠿ࢇ࡜デ᩿ࡉࢀ
ࡓࠋᢞ⸆࡜ࡋ࡚࢚ࢳࢰ࣒ࣛࠊࣂࣝࣉࣟ㓟ࢼࢺ࣒ࣜ࢘➼ࡀᢞ୚ࡉࢀ࡚࠾ࡾࠊ12 ே୰ 8 ே
࡛ࠊᢠ࡚ࢇ࠿ࢇ⸆ࢆฎ᪉ࡍࡿࡇ࡜࡟ࡼࡗ࡚⑕≧ࡀᨵၿࡋࡓࠋࡲࡓࠊ12 ே୰ 4 ேࡢᝈ⪅
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࡟ศ㢮ࡋࡓࠋ␗ᖖἼࡢᣢ⥆᫬㛫ࡀ 2⛊௨ୖ 3⛊ᮍ‶ࡢ Short Runࡣࠊ⿕᳨⪅ 12ே୰ 11
ே࡟ࡳࡽࢀࠊ࢚࣏ࢵࢡᩘࡣ 21ಶ࡜࡞ࡗࡓࠋ␗ᖖἼࡢᣢ⥆᫬㛫ࡀ 3⛊௨ୖࡢLong Runࡣࠊ
⿕᳨⪅ 12ே୰ 6ே࡟ࡳࡽࢀࠊ࢚࣏ࢵࢡᩘࡣ 10ಶ࡜࡞ࡗࡓࠋゎᯒ࡟⏝࠸ࡓ␗ᖖἼࡣࠊ඲
㡿ᇦ࡟ࡳࡽࢀࡿ㛫Ḟᛶ✺ⓎᚊືἼ࡜ࡋࠊ┠ど࡟࡚ᢳฟࢆ⾜ࡗࡓࠋ 





ᅗ 3.3 Long Runࡢ␗ᖖἼฟ⌧๓ࠊฟ⌧୰ࠊ⤊஢ᚋࡢ⬻Ἴࡢ 1౛ 
 




ᅗ 3.4࡟ Short Runࡢ␗ᖖἼฟ⌧๓ࠊฟ⌧୰ࠊ⤊஢ᚋࡢ࢙࣮࢘ࣈࣞࢵࢺࢫࢣࣟࢢ࣒ࣛ(ࢫ
࣌ࢡࢺࣝ)ࡢ 1౛ࢆ♧ࡋࠊᅗ 3.5࡟ Long Runࡢ␗ᖖἼฟ⌧๓ࠊฟ⌧୰ࠊ⤊஢ᚋࡢ࢙࣮࢘
ࣈࣞࢵࢺࢫࢣࣟࢢ࣒ࣛࡢ୍౛ࢆ♧ࡍࠋ⦪㍈ࡣ࿘Ἴᩘ[Hz]ࢆ♧ࡋࠊᶓ㍈ࡣ᫬㛫[⛊]ࢆ♧ࡍࠋ





3.3.3.1 Short Run 




ᅗ 3.4(2)࡟♧ࡍ㏻ࡾࠊ㟁ᴟ P3࡛ࡣࠊ8−12 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧๓ 6−8⛊㛫ࡢࣃ࣮࣡
ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋ4−8 Hz ࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್
ࢆ♧ࡋࡓࠋ㟁ᴟ P4࡛ࡣࠊ8−12 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧๓ 6−8⛊㛫ࠊ2−4⛊㛫ࠊ␗ᖖἼ
ฟ⌧୰ 2⛊㛫ࠊ␗ᖖἼ⤊஢ᚋ 2−4⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋࡲࡓࠊ␗ᖖ
Ἴฟ⌧୰ 2⛊㛫ࡢ 5−7 Hz࡛ࠊࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 3.4(3)࡟♧ࡍ㏻ࡾࠊ㟁ᴟ T3ࠊT4࡛ࡣࠊ4−7 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰ࡢࣃ࣮࣡ࢫ࣌
ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 3.4(4)࡟♧ࡍ㏻ࡾࠊ㟁ᴟ O1ࠊO2࡛ࡣࠊ7.5−12 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧๓ 6−8⛊㛫ࠊ
␗ᖖἼฟ⌧୰ 2⛊㛫ࠊ␗ᖖἼ⤊஢ᚋ 8−10⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 




ᅗ 3.4 Short Runࡢ࢙࣮࢘ࣈࣞࢵࢺࢫࢣࣟࢢ࣒ࣛࡢ 1౛
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3.3.3.2 Long Run 
ᅗ 3.5(1)࡟♧ࡍ㏻ࡾࠊLong Runࡢ㟁ᴟ F3ࠊF4࡛ࡣࠊ5−10 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧␗
ᖖἼฟ⌧୰ 0−2⛊㛫ࠊ4−6⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋ8−11 Hzࡢ㛫࡛ࠊ
␗ᖖἼฟ⌧୰ 6−8⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 3.5(2)࡟♧ࡍ㏻ࡾࠊLong Runࡢ㟁ᴟ P3࡛ࡣࠊ6−11 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰ 0−2
⛊㛫ࠊ8−10⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋࡲࡓࠊ㟁ᴟ P4࡛ࡶࠊ␗ᖖἼฟ⌧
୰ 8−10⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 3.5(3)࡟♧ࡍ㏻ࡾࠊLong Runࡢ㟁ᴟ T3࡛ࡣࠊ6−8 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰ 0−4⛊
㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ㟁ᴟ T4࡛ࡣࠊ4−8 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰
0−2⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
ᅗ 3.5(4)࡟♧ࡍ㏻ࡾࠊLong Runࡢ㟁ᴟ O1ࠊO2࡛ࡣࠊ5−12 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰
0−2⛊㛫ࡢࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࠊ7−11 Hzࡢ㛫࡛ࠊ␗ᖖἼฟ⌧୰ 6−10⛊㛫
ࡢࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓࠋ 
 3.3.3.1࡛♧ࡋࡓ Short Runཬࡧࠊ3.3.3.2࡛♧ࡋࡓ Long Runࡢ࢙࣮࢘ࣈࣞࢵࢺࢫࢣࣟࢢ
࣒ࣛࡢ⤖ᯝࡼࡾࠊᮏ◊✲࡛ࡣࠊ࡝ࡢ㟁ᴟ࡛ࡶࣃ࣮࣡ࢫ࣌ࢡࢺ್ࣝࡀ㧗್ࢆ♧ࡋࡓ 6 Hz
ྎ࡜ 8 Hzྎࡢ⤖ᯝࢆ♧ࡍࠋ 




ᅗ 3.5 Long Runࡢ࢙࣮࢘ࣈࣞࢵࢺࢫࢣࣟࢢ࣒ࣛࡢ୍౛










ᕪࢆồࡵ࡚࠸ࡿࡇ࡜ࢆ♧ࡍࠋ(1)ࡣ Short Runࢆ♧ࡋࠊࢭࢢ࣓ࣥࢺ AࠊBࠊCࠊDࠊEࡣ␗
ᖖἼฟ⌧๓ࢆ♧ࡋࠊࢭࢢ࣓ࣥࢺ F ࡣ␗ᖖἼฟ⌧୰ࢆ♧ࡋࠊGࠊHࠊIࠊJࠊK ࡣࠊ␗ᖖἼ
⤊஢ᚋࢆ♧ࡍࠋ(2)ࡣ Long Runࢆ♧ࡋࠊࢭࢢ࣓ࣥࢺ A’ࠊB’ࠊC’ࠊD’ࠊE’ࡣ␗ᖖἼฟ⌧๓
ࢆ♧ࡋࠊࢭࢢ࣓ࣥࢺ F’ࠊG’ࠊH’ࠊI’ࠊJ’ࡣ␗ᖖἼฟ⌧୰ࢆ♧ࡋࠊࢭࢢ࣓ࣥࢺ K’ࠊL’ࠊM’ࠊ
N’ࠊO’ࡣ␗ᖖἼ⤊஢ᚋࢆ♧ࡍࠋ 
඲⿕᳨⪅࡟࠾ࡅࡿ 6 Hzྎࡢ Short Runࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶
ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(10, 1870)=7.54, p<0.001)ࠋ6 Hzྎࡢ Long Runࡢศᩓศᯒࡢ⤖ᯝࠊ
ࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 2550)=7.91, p<0.001)ࠋ8 Hzྎࡢ Short 
Runࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(10, 1870)=4.50, 
p<0.001)ࠋ8 Hzྎࡢ Long Runࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀ
ศ࠿ࡗࡓ(F(14, 2550)=4.91, p<0.001)ࠋ 
Bonferroni ἲࢆ⏝࠸࡚ከ㔜ẚ㍑ࢆ⾜ࡗࡓ࡜ࡇࢁࠊᅗ 3.6(1)࡟♧ࡍ㏻ࡾࠊ඲⿕᳨⪅࡟࠾
ࡅࡿ 6 Hzྎࡢ Short Run࡛ࡣࠊ␗ᖖἼฟ⌧୰(F)ࡢWCC್ࡀ␗ᖖἼฟ⌧๓(AࠊBࠊCࠊDࠊ
E)ཬࡧ␗ᖖἼ⤊஢ᚋ(GࠊHࠊIࠊJࠊK)ࡢWCC್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࢭࢢ࣓
ࣥࢺ Eࡣ p<0.01, E௨እࡣ p<0.001)ࠋLong Run࡛ࡣࠊ␗ᖖἼฟ⌧๓(A’)ࡢWCC್࡜ẚ㍑
ࡋ࡚ࠊ␗ᖖἼฟ⌧๓(D’)ࠊ␗ᖖἼฟ⌧୰(F’ࠊG’ࠊH’ࠊJ’)ࠊ␗ᖖἼ⤊஢ᚋ(L’)ࡢ WCC ್
ࡣ᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࢭࢢ࣓ࣥࢺ J ࡣ p<0.01, J ௨እࡣ p<0.001)ࠋ␗ᖖἼฟ⌧๓(B’)ࡢ
WCC್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧୰(F’ࠊG’ࠊH’)ࠊ␗ᖖἼ⤊஢ᚋ(L’)ࡢ WCC ್ࡣ᭷ព࡟
㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.01, p<0.001, p<0.05, p<0.01)ࠋ␗ᖖἼฟ⌧๓(C’)ࡢ
WCC್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧୰(F’ࠊG’ࠊH’)ࠊ␗ᖖἼ⤊஢ᚋ(L’)ࡢ WCC ್ࡣ᭷ព࡟
㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.01, p<0.001, p<0.05, p<0.01)ࠋ␗ᖖἼฟ⌧๓(D’)ࡢ
WCC ್ࡣ␗ᖖἼฟ⌧๓(E’)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.05)ࠋ␗ᖖἼ
ฟ⌧๓(E’)ࡢ WCC ್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧୰(F’ࠊG’ࠊH’ࠊJ’)ࠊ␗ᖖἼ⤊஢ᚋ(L’)ࡢ
WCC್ࡣ᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࢭࢢ࣓ࣥࢺ J’ࡣ p<0.01, J’௨እࡣ p<0.001)ࠋ␗ᖖἼฟ⌧୰
(F’)ࡢ WCC ್ࡣ␗ᖖἼ⤊஢ᚋ(K’)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(p<0.05)ࠋ
␗ᖖἼฟ⌧୰(G’)ࡢWCC್ࡣࠊ␗ᖖἼฟ⌧๓(D’)ࠊ␗ᖖἼฟ⌧୰(I’)ࠊ␗ᖖἼ⤊஢ᚋ(K’ࠊ
M’ࠊN’ࠊO’)࡜ẚ㍑ࡋ࡚᭷ព࡟㧗್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.001, p<0.001, p<0.01, 
p<0.05, p<0.001)ࠋ 
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ᅗ 3.6(2)࡟♧ࡍ㏻ࡾࠊ඲⿕᳨⪅࡟࠾ࡅࡿ 8 Hzྎࡢ Short Run࡛ࡣࠊ␗ᖖἼฟ⌧๓(A)
ࡢWCC್࡜ẚ㍑ࡋ࡚ࠊ␗ᖖἼฟ⌧๓(E)ࠊ␗ᖖἼฟ⌧୰(F)ࡢWCC್ࡣ᭷ព࡟㧗್ࢆ♧







p<0.05, p<0.05, p<0.05, p<0.01, p<0.001, p<0.001, p<0.05)ࠋ 
 
 
ᅗ 3.6 ᖏᇦูࡢ඲⿕᳨⪅ࡢ඲㟁ᴟ㛫ࡢᖹᆒWCC್ 
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3.3.4.2 Benjamini and Hochbergἲ࡟ࡼࡿከ㔜ẚ㍑ 
ከ㔜ẚ㍑࡟࠾ࡅࡿ㐣ㄗࢆ⪃៖ࡍࡿࡓࡵ࡟ࠊFDRࢆไᚚࡍࡿ BHἲࢆ⏝࠸࡚ከ㔜ẚ㍑ࢆ
⾜ࡗࡓࠋ6 Hzྎࠊཬࡧ 8Hzྎࡢ Short Runࠊཬࡧ Long Run࡟࠾ࡅࡿࠊ඲⿕᳨⪅ࡢ㟁ᴟ
㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫ࡢ BHἲࢆ⏝࠸࡚ከ㔜ẚ㍑ࡋࡓ⤖ᯝࢆ♧ࡍࠋq್ࢆ
ồࡵࡿࡓࡵࡢ p್⟬ฟ࡟ࡣࠊ୧ഃ t᳨ᐃࢆ⏝࠸ࡓࠋq್ࡢ᭷ពỈ‽ࡣ 5%࡜ࡋࡓࠋ()ෆࡢ
q್ࡣࠊẚ㍑ࡋࡓࢭࢢ࣓ࣥࢺࡢ⤖ᯝࡢ㡰␒ẖ࡟グ㍕ࡋ࡚࠸ࡿࠋ 
6 Hzྎࡢ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫࡛ẚ㍑ࡋࡓ⤖ᯝࢆ⾲ 3.1




(E)ཬࡧ␗ᖖἼฟ⌧୰(F)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟ᕪࡀ࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ(q<0.05, 
q<0.001)ࠋ␗ᖖἼฟ⌧๓(CࠊD)ࡢ WCC್ࡣࠊ␗ᖖἼฟ⌧୰(F)ࡢ WCC್࡜ẚ㍑ࡋ࡚᭷






ࡋ࡚᭷ព࡟ᕪࡀ࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ(ࢭࢢ࣓ࣥࢺ I’ࠊM’ࠊO’㸸q<0.05, ࢭࢢ࣓ࣥࢺ D’ࠊN’㸸
q<0.01, ࡑࡢ௚ࢭࢢ࣓ࣥࢺ㸸q<0.001)ࠋ␗ᖖἼฟ⌧๓(B’ࠊC’)ࡢWCC್ࡣࠊ␗ᖖἼฟ⌧
୰(D’)ࠊ␗ᖖἼฟ⌧୰(F’ࠊG’ࠊH’ࠊJ’)ཬࡧ␗ᖖἼ⤊஢ᚋ(L’ࠊN’)ࡢ WCC ್࡜ẚ㍑ࡋ࡚























⾲ 3.1 6Hzྎ࡟࠾ࡅࡿ Short Runࡢ㟁ᴟ㛫ࡢᖹᆒWCC್(BHἲ) 
SG A-B A-C A-D A-E A-F A-G A-H A-I A-J A-K 
t್ 0.968  0.927  0.110  0.011  1.0103 0.528  0.414  0.992  0.075  0.314  
q್ 0.986  0.986  0.264  0.050  1.0103 0.671  0.629  0.992  0.242  0.604  
SG B-C B-D B-E B-F B-G B-H B-I B-J B-K C-D 
t್ 0.896  0.100  0.009  1.0103 0.501  0.391  0.960  0.068  0.293  0.145  
q್ 0.985  0.264  0.047  1.0103 0.671  0.629  0.986  0.234  0.597  0.320  
SG C-E C-F C-G C-H C-I C-J C-K D-E D-F D-G 
t್ 0.017  1.0103 0.601  0.482  0.935  0.102  0.379  0.339  1.0103 0.352  
q್ 0.068  1.0103 0.734  0.663  0.986  0.264  0.629  0.604  1.0103 0.604  
SG D-H D-I D-J D-K E-F E-G E-H E-I E-J E-K 
t್ 0.457  0.115  0.828  0.527  1.0103 0.062  0.094  0.012  0.473  0.107  
q್ 0.662  0.264  0.969  0.671  1.0103 0.228  0.264  0.050  0.663  0.264  
SG F-G F-H F-I F-J F-K G-H G-I G-J G-K H-I 
t್ 1.0103 1.0103 1.0103 1.0103 1.0103 0.855  0.537  0.261  0.736  0.423  
q್ 1.0103 1.0103 1.0103 1.0103 1.0103 0.980  0.671  0.552  0.881  0.629  
SG H-J H-K I-J I-K J-K ͤSGࡣࢭࢢ࣓ࣥࢺࢆ♧ࡍ 
 t್ 0.885  0.079  0.323  0.401  0.885  
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⾲ 3.2 6Hzྎ࡟࠾ࡅࡿ Long Runࡢ㟁ᴟ㛫ࡢᖹᆒWCC್(BHἲ) 
SG A’-B’ A’-C’ A’-D’ A’-E’ A’-F’ A’-G’ A’-H’ A’-I’ A’-J’ A’-K’ 
t್ 0.309  0.401  1.0103 0.881  1.0103 1.0103 1.0103 0.012  1.0103 0.144  
q್ 0.390  0.476  0.001  0.898  1.0103 1.0103 1.0103 0.028  1.0103 0.207  
SG A’-L’ A’-M’ A’-N’ A’-O’ B’-C’ B’-D’ B’-E’ B’-F’ B’-G’ B’-H’ 
t್ 1.0103 0.009  0.001  0.015  0.880  0.006  0.258  1.0103 1.0103 1.0103 
q್ 1.0103 0.022  0.003  0.031  0.898  0.018  0.343  1.0103 1.0103 0.001  
SG B’-I’ B’-J’ B’-K’ B’-L’ B’-M’ B’-N’ B’-O’ C’-D’ C’-E’ C’-F’ 
t್ 0.113  0.001  0.643  1.0103 0.093  0.018  0.137  0.005  0.338  1.0103 
q್ 0.177  0.004  0.703  1.0103 0.153  0.036  0.200  0.016  0.417  1.0103 
SG C’-G’ C’-H’ C’-I’ C’-J’ C’-K’ C’-L’ C’-M’ C’-N’ C’-O’ D’-E’ 
t್ 1.0103 1.0103 0.093  0.001  0.549  1.0103 0.076  0.015  0.113  1.0103 
q್ 1.0103 0.001  0.153  0.004  0.620  1.0103 0.131  0.031  0.177  0.001  
SG D’-F’ D’-G’ D’-H’ D’-I’ D’-J’ D’-K’ D’-L’ D’-M’ D’-N’ D’-O’ 
t್ 0.132  1.0103 0.337  0.295  0.603  0.024  0.202  0.305  0.709  0.232  
q್ 0.196  0.001  0.417  0.387  0.674  0.045  0.283  0.390  0.760  0.316  
SG E’-F’ E’-G’ E’-H’ E’-I’ E’-J’ E’-K’ E’-L’ E’-M’ E’-N’ E’-O’ 
t್ 1.0103 1.0103 1.0103 0.010  1.0103 0.120  1.0103 0.007  0.001  0.013  
q್ 1.0103 1.0103 1.0103 0.026  1.0103 0.185  1.0103 0.020  0.003  0.029  
SG F’-G’ F’-H’ F’-I’ F’-J’ F’-K’ F’-L’ F’-M’ F’-N’ F’-O’ G’-H’ 
t್ 0.020  0.617  0.012  0.341  1.0103 0.812  0.011  0.059  0.007  0.007  
q್ 0.040  0.682  0.028  0.417  0.001  0.852  0.027  0.103  0.019  0.018  
SG G’-I’ G’-J’ G’-K’ G’-L’ G’-M’ G’-N’ G’-O’ H’-I’ H’-J’ H’-K’ 
t್ 1.0103 0.002  1.0103 0.010  1.0103 1.0103 1.0103 0.051  0.663  0.001  
q್ 1.0103 0.005  1.0103 0.026  1.0103 1.0103 1.0103 0.092  0.718  0.005  
SG H’-L’ H’-M’ H’-N’ H’-O’ I’-J’ I’-K’ I’-L’ I’-M’ I’-N’ I’-O’ 
t್ 0.786  0.050  0.183  0.034  0.125  0.257  0.022  0.961  0.488  0.901  
q್ 0.833  0.092  0.260  0.064  0.190  0.343  0.043  0.961  0.564  0.910  
SG J’-K’ J’-L’ J’-M’ J’-N’ J’-O’ K’-L’ K’-M’ K’-N’ K’-O’ L’-M’ 
t್ 0.006  0.468  0.127  0.374  0.091  1.0103 0.224  0.058  0.305  0.021  
q್ 0.018  0.546  0.190  0.451  0.153  0.001  0.310  0.103  0.390  0.042  
SG L’-N’ L’-O’ M’-N’ M’-O’ N’-O’ ͤSGࡣࢭࢢ࣓ࣥࢺࢆ♧ࡍ 
 t್ 0.096  0.014  0.508  0.859  0.404  
q್ 0.156  0.030  0.580  0.894  0.476  
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8 Hzྎࡢ Short Runࡢ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫࡛ẚ㍑ࡋࡓ
⤖ᯝ⾲ 3.3ཬࡧ⾲ 3.4࡟♧ࡍࠋ 
⾲ 3.3࡟♧ࡍ㏻ࡾࠊShort Run࡛ࡣࠊ␗ᖖἼฟ⌧๓(A)ࡢWCC್ࡣࠊ␗ᖖἼฟ⌧๓(E)
ཬࡧ␗ᖖἼฟ⌧୰(F)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟ᕪࡀ࠶ࡿࡇ࡜ࡀࢃ࠿ࡗࡓ(࠸ࡎࢀࡶ







ࡢ WCC ್ࡣࠊ␗ᖖἼ⤊஢ᚋ(GࠊIࠊJࠊK)ࡢ WCC ್࡜ẚ㍑ࡋ࡚᭷ព࡟ᕪࡀ࠶ࡿࡇ࡜ࡀ
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⾲ 3.3 8Hzྎ࡟࠾ࡅࡿ Short Runࡢ㟁ᴟ㛫ࡢᖹᆒWCC್(BHἲ) 
SG A-B A-C A-D A-E A-F A-G A-H A-I A-J A-K 
t್ 0.658  0.368  0.441  0.001  1.0103 0.505  0.045  0.306  0.649  0.588  
q್ 0.804  0.533  0.622  0.006  0.003  0.695  0.129  0.469  0.804  0.752  
SG B-C B-D B-E B-F B-G B-H B-I B-J B-K C-D 
t್ 0.178  0.724  0.002  0.001  0.807  0.101  0.538  0.982  0.312  0.102  
q್ 0.328  0.820  0.012  0.006  0.854  0.248  0.721  0.982  0.469  0.248  
SG C-E C-F C-G C-H C-I C-J C-K D-E D-F D-G 
t್ 1.0103 1.0103 0.124  0.005  0.060  0.179  0.691  0.008  0.004  0.914  
q್ 0.001  0.001  0.262  0.022  0.166  0.328  0.820  0.028  0.017  0.931  
SG D-H D-I D-J D-K E-F E-G E-H E-I E-J E-K 
t್ 0.211  0.800  0.746  0.185  0.742  0.006  0.180  0.017  0.003  1.0103 
q್ 0.362  0.854  0.820  0.328  0.820  0.022  0.328  0.051  0.013  0.001  
SG F-G F-H F-I F-J F-K G-H G-I G-J G-K H-I 
t್ 0.002  0.104  0.008  0.001  1.0103 0.172  0.717  0.828  0.221  0.315  
q್ 0.013  0.248  0.028  0.008  0.001  0.328  0.820  0.859  0.369  0.469  
SG H-J H-K I-J I-K J-K ͤSGࡣࢭࢢ࣓ࣥࢺࢆ♧ࡍ 
 t್ 0.113  0.010  0.561  0.113  0.311  
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⾲ 3.4 8Hzྎ࡟࠾ࡅࡿ Long Runࡢ㟁ᴟ㛫ࡢᖹᆒWCC್(BHἲ) 
SG A’-B’ A’-C’ A’-D’ A’-E’ A’-F’ A’-G’ A’-H’ A’-I’ A’-J’ A’-K’ 
t್ 0.045  0.444  0.869  0.237  0.010  0.014  0.065  0.441  0.013  0.002  
q್ 0.134  0.622  0.931  0.374  0.048  0.056  0.162  0.622  0.056  0.010  
SG A’-L’ A’-M’ A’-N’ A’-O’ B’-C’ B’-D’ B’-E’ B’-F’ B’-G’ B’-H’ 
t್ 1.0103 0.054  1.0103 0.018  0.225  0.061  0.001  0.469  0.540  0.998  
q್ 1.0103 0.146  0.002  0.065  0.374  0.155  0.007  0.649  0.656  0.998  
SG B’-I’ B’-J’ B’-K’ B’-L’ B’-M’ B’-N’ B’-O’ C’-D’ C’-E’ C’-F’ 
t್ 0.275  0.503  0.193  0.011  0.987  0.046  0.671  0.540  0.048  0.067  
q್ 0.413  0.656  0.344  0.053  0.998  0.134  0.757  0.656  0.136  0.162  
SG C’-G’ C’-H’ C’-I’ C’-J’ C’-K’ C’-L’ C’-M’ C’-N’ C’-O’ D’-E’ 
t್ 0.086  0.266  0.964  0.079  0.016  1.0103 0.248  0.002  0.112  0.169  
q್ 0.184  0.405  0.998  0.176  0.064  0.003  0.383  0.013  0.218  0.305  
SG D’-F’ D’-G’ D’-H’ D’-I’ D’-J’ D’-K’ D’-L’ D’-M’ D’-N’ D’-O’ 
t್ 0.013  0.019  0.086  0.532  0.017  0.002  1.0103 0.073  1.0103 0.025  
q್ 0.056  0.067  0.184  0.656  0.065  0.013  0.001  0.170  0.002  0.082  
SG E’-F’ E’-G’ E’-H’ E’-I’ E’-J’ E’-K’ E’-L’ E’-M’ E’-N’ E’-O’ 
t್ 1.0103 1.0103 0.002  0.056  1.0103  1.0103 1.0103 0.001  1.0103 1.0103 
q್ 0.002  0.002  0.013  0.146  0.002  1.0103 1.0103 0.010  1.0103 0.002  
SG F’-G’ F’-H’ F’-I’ F’-J’ F’-K’ F’-L’ F’-M’ F’-N’ F’-O’ G’-H’ 
t್ 0.925  0.507  0.092  0.973  0.597  0.088  0.476  0.239  0.759  0.572  
q್ 0.982  0.656  0.185  0.998  0.688  0.184  0.649  0.374  0.839  0.675  
SG G’-I’ G’-J’ G’-K’ G’-L’ G’-M’ G’-N’ G’-O’ H’-I’ H’-J’ H’-K’ 
t್ 0.115  0.953  0.538  0.076  0.544  0.209  0.837  0.313  0.537  0.235  
q್ 0.219  0.998  0.656  0.173  0.656  0.360  0.906  0.457  0.656  0.374  
SG H’-L’ H’-M’ H’-N’ H’-O’ I’-J’ I’-K’ I’-L’ I’-M’ I’-N’ I’-O’ 
t್ 0.021  0.990  0.070  0.697  0.105  0.027  0.001  0.297  0.005  0.148  
q್ 0.070  0.998  0.166  0.779  0.209  0.086  0.007  0.440  0.025  0.272  
SG J’-K’ J’-L’ J’-M’ J’-N’ J’-O’ K’-L’ K’-M’ K’-N’ K’-O’ L’-M’ 
t್ 0.582  0.090  0.508  0.237  0.791  0.226  0.205  0.509  0.388  0.014  
q್ 0.679  0.184  0.656  0.374  0.865  0.374  0.359  0.656  0.559  0.056  
SG L’-N’ L’-O’ M’-N’ M’-O’ N’-O’ ͤSGࡣࢭࢢ࣓ࣥࢺࢆ♧ࡍ 
t್ 0.570  0.037  0.053  0.671  0.124  
q್ 0.675  0.115  0.146  0.757  0.232  
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ࡣ Short Runࡢ⤖ᯝࢆ♧ࡍࠋࢭࢢ࣓ࣥࢺ AࠊBࠊCࠊDࠊEࡣ␗ᖖἼฟ⌧๓ࢆ♧ࡋࠊࢭࢢ






ᅗ 3.7࡟඲⿕᳨⪅ࡢ 6 Hzྎ࡟࠾ࡅࡿࠊ๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚
㟁ᴟ࡜ࡢ⤌ྜࡏ(35 ⤌ྜࡏ)ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒ WCC ್ཬࡧᖹᆒ LAG
್ࢆࣉࣟࢵࢺࡋࡓ⤖ᯝࢆ♧ࡍࠋ 











ᅗ 3.7 6 Hzྎࡢ๓㢌㒊ࢆ୰ᚰ࡜ࡋࡓ㟁ᴟ㛫ࡢWCC࡜ LAGࡢ࣐ࢵࣉ 




ᅗ 3.8࡟඲⿕᳨⪅ࡢ 8 Hzྎ࡟࠾ࡅࡿࠊ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚












ᅗ 3.8  8 Hzྎࡢ㢌㡬㒊ࢆ୰ᚰ࡜ࡋࡓ㟁ᴟ㛫ࡢWCC࡜ LAGࡢ࣐ࢵࣉ 




ᅗ 3.9࡟඲⿕᳨⪅ࡢ 6 Hzྎ࡟࠾ࡅࡿࠊഃ㢌㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚
㟁ᴟ࡜ࡢ⤌ྜࡏ(35 ⤌ྜࡏ)ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒ WCC ್ཬࡧᖹᆒ LAG
್ࢆࣉࣟࢵࢺࡋࡓ⤖ᯝࢆ♧ࡍࠋ 












ᅗ 3.9 6 Hzྎࡢഃ㢌㒊ࢆ୰ᚰ࡜ࡋࡓ㟁ᴟ㛫ࡢWCC࡜ LAGࡢ࣐ࢵࣉ 




ᅗ 3.10࡟඲⿕᳨⪅ࡢ 8 Hzྎ࡟࠾ࡅࡿࠊᚋ㢌㒊ࡢ O1࡜ O2ࡢ㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚㟁













ᅗ 3.10 8 Hzྎࡢᚋ㢌㒊ࢆ୰ᚰ࡜ࡋࡓ㟁ᴟ㛫ࡢWCC࡜ LAGࡢ࣐ࢵࣉ

















3.3.6.1 6 Hzྎ Short Run 
ᅗ 3.11 ࡟ࠊ๓㢌㒊ࡢ F3࡜ F4 ࡢ 2 㟁ᴟࠊ㢌㡬㒊ࡢ P3 ࡜ P4 ࡢ 2 㟁ᴟࠊഃ㢌㒊ࡢ T3
࡜ T4ࡢ 2㟁ᴟࠊཬࡧᚋ㢌㒊ࡢ O1࡜ O2ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚㟁ᴟ࡜ࡢ⤌ྜࡏ(35
⤌ྜࡏ)ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫ࡢ୍ඖ㓄⨨ศᩓศ
ᯒཬࡧBonferroniἲ࡟ࡼࡿከ㔜ẚ㍑ࢆ⏝࠸࡚ẚ㍑ࡋࡓ6 HzྎࡢShort Runࡢ⤖ᯝࢆ♧ࡍࠋ 
๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(10, 374)=1.83, p<0.05)ࠋ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࢆ୰
ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(10, 
374)=3.31, p<0.001)ࠋഃ㢌㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖
ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F (10, 374)=2.50, p<0.01)ࠋᚋ㢌㒊ࡢ
O1࡜ O2ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶






(HࠊIࠊJࠊK)ࡢWCC್ࡣ᭷ព࡟ప್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.01, p<0.01, p<0.01, 
p<0.05, p<0.01, p<0.001, p<0.05, p<0.01)ࠋ 








IࠊK)ࡢWCC್ࡣ᭷ព࡟ప್ࢆ♧ࡋࡓ(ࢭࢢ࣓ࣥࢺ BࠊCࡣ p<0.01ࠊࡑࢀ௨እࡣ p<0.05)ࠋ 
 
 
ᅗ 3.11 ඲⿕᳨⪅ࡢ 6 Hzྎࡢ๓㢌㒊ࠊ㢌㡬㒊ࠊഃ㢌㒊ཬࡧᚋ㢌㒊ࡢ 
2㟁ᴟࢆ୰ᚰ࡜ࡋࡓ⤌ྜࡏ࡟࠾ࡅࡿ Short RunࡢᖹᆒWCC್ 
 
3.3.6.2 8 Hzྎ Short Run 
ᅗ 3.12 ࡟ࠊ๓㢌㒊ࡢ F3࡜ F4 ࡢ 2㟁ᴟࠊ㢌㡬㒊ࡢ P3 ࡜ P4ࡢ 2 㟁ᴟࠊഃ㢌㒊ࡢ T3
࡜ T4 ࡢ 2 㟁ᴟࠊཬࡧᚋ㢌㒊ࡢ O1 ࡜ O2 ࢆ୰ᚰ࡜ࡋ࡚ࠊ௚㟁ᴟ࡜ࡢ⤌ྜࡏ(35 ⤌ྜࡏ)
ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫ࡢ୍ඖ㓄⨨ศᩓศᯒཬࡧ
Bonferroniἲ࡟ࡼࡿከ㔜ẚ㍑ࢆ⏝࠸࡚ẚ㍑ࡋࡓ 8 Hzྎࡢ Short Runࡢ⤖ᯝࢆ♧ࡍࠋ 
๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡣ࡞࠸ࡇ࡜ࡀศ࠿ࡗࡓ(F (10, 374)=1.08, p㸻0.38)ࠋ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࢆ
୰ᚰ࡜ࡋࡓ WCC ್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ
(F(10, 374)=2.66, p<0.001)ࠋഃ㢌㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒ




ࡢ O1 ࡜ O2ࡢ 2 㟁ᴟࢆ୰ᚰ࡜ࡋࡓ WCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪ






್ࡣ᭷ព࡟ప್ࢆ♧ࡋࡓ(ࡑࢀࡒࢀ㡰␒࡟ࠊp<0.01, p<0.05, p<0.05)ࠋ 
ᅗ 3.12(3)࡟♧ࡍ㏻ࡾࠊ඲⿕᳨⪅ࡢഃ㢌㒊(T3ࠊT4)ࡢᖹᆒWCC್ࡢẚ㍑⤖ᯝ࡛ࡣࠊ␗







ᅗ 3.5 ඲⿕᳨⪅ࡢ 8 Hzྎࡢ๓㢌㒊ࠊ㢌㡬㒊ࠊഃ㢌㒊ཬࡧᚋ㢌㒊ࡢ 
2㟁ᴟࢆ୰ᚰ࡜ࡋࡓ⤌ྜࡏ࡟࠾ࡅࡿ Short RunࡢᖹᆒWCC್ 
➨ 3❶ ᣢ⥆᫬㛫ࡢ㐪࠸࡟࠾ࡅࡿ㒊఩㛫㛵㐃           3.3 ⤖ᯝ 
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3.3.6.3 6 Hzྎ Long Run 
ᅗ 3.13 ࡟ࠊ๓㢌㒊ࡢ F3࡜ F4 ࡢ 2㟁ᴟࠊ㢌㡬㒊ࡢ P3 ࡜ P4ࡢ 2 㟁ᴟࠊഃ㢌㒊ࡢ T3
࡜ T4ࡢ 2㟁ᴟࠊཬࡧᚋ㢌㒊ࡢ O1࡜ O2ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚㟁ᴟ࡜ࡢ⤌ྜࡏ(35
⤌ྜࡏ)ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫ࡢ୍ඖ㓄⨨ศᩓศ
ᯒཬࡧBonferroniἲ࡟ࡼࡿከ㔜ẚ㍑ࢆ⏝࠸࡚ẚ㍑ࡋࡓ6 HzྎࡢLong Runࡢ⤖ᯝࢆ♧ࡍࠋ 
๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡣ࡞࠸ࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 510)=1.48, p㸻0.11)ࠋ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࢆ୰
ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣ࡞࠸ࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 
510)=1.73, p=0.06)ࠋ㢌㒊ࡢ T3࡜ T4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊ
ࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 510)=4.16, p<0.001)ࠋᚋ㢌㒊ࡢ O1࡜
O2 ࡢ 2 㟁ᴟࢆ୰ᚰ࡜ࡋࡓ WCC ್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣ࡞࠸ࡇ




















ᅗ 3.13 ඲⿕᳨⪅ࡢ 6 Hzྎࡢ๓㢌㒊ࠊ㢌㡬㒊ࠊഃ㢌㒊ཬࡧᚋ㢌㒊ࡢ 
2㟁ᴟࢆ୰ᚰ࡜ࡋࡓ⤌ྜࡏ࡟࠾ࡅࡿ Long RunࡢᖹᆒWCC್ 
 
3.3.6.4 8 Hzྎ Long Run 
ᅗ 3.14 ࡟ࠊ๓㢌㒊ࡢ F3࡜ F4 ࡢ 2㟁ᴟࠊ㢌㡬㒊ࡢ P3 ࡜ P4ࡢ 2 㟁ᴟࠊഃ㢌㒊ࡢ T3
࡜ T4ࡢ 2㟁ᴟࠊཬࡧᚋ㢌㒊ࡢ O1࡜ O2ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋ࡚ࠊ௚㟁ᴟ࡜ࡢ⤌ྜࡏ(35
⤌ྜࡏ)ࢆᢳฟࡋࠊ඲⿕᳨⪅ࡢ㟁ᴟ㛫ࡢᖹᆒWCC್ࢆࠊࢭࢢ࣓ࣥࢺ㛫ࡢ୍ඖ㓄⨨ศᩓศ
ᯒཬࡧBonferroniἲ࡟ࡼࡿከ㔜ẚ㍑ࢆ⏝࠸࡚ẚ㍑ࡋࡓ8 HzྎࡢLong Runࡢ⤖ᯝࢆ♧ࡍࠋ 
๓㢌㒊ࡢ F3࡜ F4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟
᭷ពᕪࡣ࡞࠸ࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 510)=1.36, p㸻0.17)ࠋ㢌㡬㒊ࡢ P3࡜ P4ࡢ 2㟁ᴟࢆ୰
ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 
510)=2.43, p<0.05)ࠋഃ㢌㒊ࡢT3࡜T4ࡢ 2㟁ᴟࢆ୰ᚰ࡜ࡋࡓWCC್ࡢศᩓศᯒࡢ⤖ᯝࠊ
ࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡀ࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ(F(14, 510)=1.77, p<0.05)ࠋᚋ㢌㒊ࡢ O1࡜
O2 ࡢ 2 㟁ᴟࢆ୰ᚰ࡜ࡋࡓ WCC ್ࡢศᩓศᯒࡢ⤖ᯝࠊࢭࢢ࣓ࣥࢺ㛫࡟᭷ពᕪࡣ࡞࠸ࡇ

















ᅗ 3.14 ඲⿕᳨⪅ࡢ 8 Hzྎࡢ๓㢌㒊ࠊ㢌㡬㒊ࠊഃ㢌㒊ཬࡧᚋ㢌㒊ࡢ 












































































































































































































ㅰ㎡   




ࡓࠊྠᑓᨷᩍᤵ ➉ᮧ໷ṇ ඛ⏕ࠊ୪ࡧ࡟ྠᑓᨷ෸ᩍᤵ ཎཱྀு ඛ⏕࡟ࡣࠊ๪ᰝ࡜ࡋ࡚ࡈ
ຓゝࢆ࠸ࡓࡔࡃ࡜ඹ࡟ሗ࿌఍ࡸຮᙉ఍࡟࠾࠸࡚ࡶ᭷ព⩏࡞ࡈᣦᑟࢆ࠸ࡓࡔࡁ῝ࠊ ࡃឤㅰ
ࡍࡿࠋࡑࡋ࡚ࠊ➨ 2❶ࠊཬࡧ➨ 3❶ࡢ◊✲࡟࡚ FDRࢆไᚚࡍࡿࡓࡵࡢ q್ࢆ⟬ฟࡍࡿ
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